-3-I. The Molecular Outflow In Orlon-KL Orlon-KL, the molecular region associated WIth the K1einmann-Low nebula, is the prototype of the class of "active" molecular cloud cores. This recentlyrecognized class Is characterized by hypersonic mass outflow, affecting large portions of the cloud core, which Is apparently driven by mass loss from a newly-formed star. The young star Itself Is generally manifested by a compact infrared source, and the outflow displays three main features: motions of compact objects, molecular lines Involving states of very high excitation, and molecular lines with very large velocity widths. First noticed were the motions of H 2 0 masers (e.g. Knowles et aI. 1969, Strelnltskll and Syunyaev 1973; Genzel and Downes 1977; Genzel et aI. BeckWith et aI. 1983) . Molecular lines from these regions have widths as large as 100 km s-1 (e.g. Zuckerman, Kuiper and Rodriguez-Kuiper 1976; Nadeau, Geballe and Neugebauer 1982) ; the spatial distribution of different velocity components of these lines often Indicates a bipolar morphology (e.g. Snell, Loren and Plambeck 1980; Bally and Lada 1983) . Large amounts of energy and momentum may be fed into the surrounding molecular clouds during the lifetime of the outflow, and these objects might, therefore, playa role In the support of molecular clouds against self-gravity (cf. Bally and Lada 1983) and influence the rate of further star formation in these clouds.
1976;
To study the Interactions between the outflow and more quiescent material, we examine the hot shocked gas that lies at their Interface. The presently-available probes of this shocked gas Include the rotation-vibration and pure rotational lines of H2 In the near-and mid-Infrared (cf. Beckwith et aI. 1983 , Beck 1984 and the farInfrared rotational lines of CO (Watson et aI. 1980; Storey et aI. 1981 ; Stacey et aI. -4-1982 Stacey et aI. -4- , 1983 and OH . The far-Infrared lines of CO are of particular Importance because they are density-sensitive. and thereby carry Information on the shock's compression ratio.
In this paper we report observations of the far-Infrared lines of CO . The CO measurements and the parameters derived from them are consistent with our previous observations (Watson et aI. 1980 . Storey et aI. 1981) , but with the addition of the CO J = 34 ... 33 line provide stronger constraints on the density and compression ratio of the shock. The latter Is shown to be too small for a simple, purely hydrodynamic shock to account for the observed activity. The data generally support the shock models of Chernoff, Hollenbach and McKee (1982) and Draine end Roberge (1982 , in which magnetic effects are critically important to the shock's characteristics.
II. Observations
The instrument used In this experiment was the UC Berkeley tandem FabryPerot spectrometer Watson 1982) . Observations were made using velocity resolutions of 60 km s-1 (at 77 and 84 !JlTI), 75 km s-1 (at 100 and 112 pm), and 110 km s-1 (at 119 !JlTI); the Instrumental profile is a Lorentzlan. The system noise equivalent power (NEP) was 1-2 x 10-14 W (Townes et aI. 1983 ). and will not be discussed further here. The HD line was observed at 75 km s-1 resolution.
Interference from telluric Hoo, HJ 7 0 and 0 3 lines produced a baseline uncertainty of 2% of the continuum at 112 JJIfI, leading to the upper limit shown In Table 2 . Table 2 HD and NH3 Upper Umlts 
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.. Orlon-KL. The veloCity scales are appropriate for the CO line and the 84.6 pm OH line, the latter having been taken as the absolute wavelength reference for the observa .. tion. At this velocity resolution, the CO line is blended with the OH 2TI3/2 JP = 7/2+ ... 5/2-line, but, as discussed in the text, ~70% of the observed line is probably due to the CO transition. Upper limits to the intensities of two NH3 lines were also obtained from this spectrum. The total Integration time was 22 minutes (21 s per point).
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Figure 6: Strip maps of H 2 , CO, and OH emission in Onon-KL. The strip lies along a line leading 30 degrees W of N through H2 Pk 2 (Beckwith et aI. 1978) , The H2 striPS are made with 45" resolution (bold curve) and 13" resolution (thin curve), and come from Treffers (personal communication) and Beckwith et aI. (1978) , respectively. Also shown on the H2 stnp map are the positions of Pk 1 and Pk 2.
Nadeau, Geballe and Neugebauer (1 982). ThiS profile results from a weighted average of data from many small-beam measurements covenng the bulk of the shocked region, from which the effect of the finite spectrometer resolution (20 km s-1) was removed by numerical deconvolution; It stili has the effects of extinction wIthin the shocked region, which makes the observed Ime narrower than the true velocity 5 Green and Chapman (1983) and Chackerlan and Tlpplng (1983) have computed higher-order corrections to the collisional rate coefficients and the A -coeffiCients (respectively). These corrections are not Included In the results presented here because they are relatively small and nearly cancelling Upon repeating our calculations using these corrections, we found the only effect to be a 30~. reduction In the derived H2 density.
-15-Much IS already known about the Orlon-KL shocked gas from H2 observations.
The latest observations can be summarized as follows. Rotation-vibration transitions at 2 fJJf1 and highly-excited pure rotational transitions arise from matter at about 2000 K; this gas lies behind an extinction of 2 magmtudes at 2 fJJf1 (Beckwith et aJ. 1983 ) and its column density, averaged over a 11 diameter area centered on IRS2, Is 2.4 x 10'9 cm-2 • The H2 v = 0 5(2) line at 12.28 J..lm has also been observed In this region (Beck, Lacy and Geballe 1979; Beck et a/. 1982; Beck 1984) . A value for the extinction at 12 fJJf1 of 0.75 mag can be derived from the 2 fJJf1 extinction using fJJf1 observations were used along With the solution of Equation 2 and the assumption of pressure equilibrium (so that n (H 2 ) 0. 1 IT) to fit the CO relative intensities and thus derive the temperature of the cooler component, the CO/H2 relative abundance, and the molecular hydrogen denSity. The present CO observations are more extensive than those available at the time of the earlier calculation, and the accepted value for the average extinction at 2 fJJf1 has since changed from 4 mag to 2 mag.
Therefore we have repeated the calculation. The range of parameters which produce an acceptable fit IS shown in Table 3 ; the best fit IS given by -16 -
for the warm component. The CO intensities resulting from the "best fit" parameters is displayed in Figure 7 . Note that the "hot" component, which dominates the 2 /-Lm H2 emission, contributes very little to the observed far-Infrared CO lines, so that ours is essentially a single-component model of the "warm" post-shock gas.
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CO/Hz = 1 2 X 10- (1982, 1983) . Table 3 Two-component Model:
.... _ _ -' -_ _ -" ' _ _ _ _ ' --_ _ _"__ _ _ -' -_ _ --'-_ _ """'"""""----'
Orlon-KL Post-shock Gas Parameter "Hot" gas "Warm" gas -20-
From the observed strength of the pair of 119 J1.lfI OH lines, the density of n(H 2 ) = 3x10 6 cm-3 derived in the previous section, and the theoretical collisional excitation rate coefficients at T = 600 K (Dewangan and Flower 1982) , we obtain the following values of OH column density and line optical depth averaged over the beam:
A line width of 30 km s-1 was taken In the calculation of the average optical depth •
•
Both of these average values should be regarded as lower limits to the actual quantities because of the assumption of plane-parallel geometry and since the source is not likely to uniformly fill the beam. As may be easily shown, these results imply small excited-state populations as long as the beam filling factor is larger than about 0.05.
The OH emission appears somewhat more localized around Pk 1 than does the COj the two may not be identically distributed. However, If the dlstnbutions are taken to be approximately the same, a relative OH abundance of OH/H 2 = 5 x 10-7 is implied. Because of the assumptions of plane-parallel geometry and distribution throughout the shocked layer, thiS is a lower limit to the local OH/H 2 ratio, yet it is more than an order of magnrtude greater than the OH/H 2 ratio under any conditions which are likely to be found In dense, quiescent molecular clouds (Prasad and Huntress 1980) . Such an overabundance IS the expected outcome of the elevated temperature in a post-shock molecular enVironment, in which endothermiC or highthreshold reactions between neutral molecules can occurj in particular, the reaction o + H2 -+ OH + H McKee 1979, 1980 ). 
The Interstellar abundance of deuterium, which IS thought to be near 10-5 , is not very strongly constrained by this measurement.
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VI. Comparison with Theoretical Models
Although the density and temperature estimates obtained from the 1ar-infrared CO observations are not very precise, they are good enough to rule out the pOSSibility that a purely hydrodynamic (non-dissociative non-magnetic, or NDNM)
shock Is responsible for the H2 and CO emission in Orion-KL, as may be seen quite simply. Such a shock would have an Initial compression of a factor of 6, with an accompanying temperature jump from Toto T max' The post-shock gas would have approximately constant pressure, so that the post-shock denSity would be n = 6 no T max/T. Chernoff, Hollenbach and McKee (1982) ; DR == Draine and Roberge (1982) .
McKee ( 1982) and Draine and Roberge (1982) . Calculated line intensities from these models are compared with the present far-infrared observations In Table 4 , and the model parameters are listed In Table 5 . In both cases, close agreement with experiment is obtained with "C-type" shocks (no discontinuous "jumps" in the flUid parameters).
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VII. Summary
The more Important results of the far-Infrared molecular line observations of Orion-KL are the following. 4. The average relative abundance of OH rn the warm postshock gas IS OHjH 2 ~ 5x10-7 , more than an order of magnitude greater than that expected in the qUiescent pre-shock gas. probability for the line. We can neglect the term due to dust emission and absorption, since In the present application (shocked gas), the dust optical depth 'To IS small and the dust temperature To IS much lower than the gas temperature. In the limit of small population m the upper state k, the source function IS simply
where the g 's are the degeneracies of the given states. In the same limit, with state J as the ground state, the equations of statistical equilibrium which determine the population of state k reduce to
Under the assumption that the effective radiation rate (3It.J AI<.) IS much larger than the collisional de-excItation rate n (Hz) 11<.)' we obtain (A4)
In a plane-parallel cloud with a large velocity gradient, the escape probabIlity is as given by Scoville &nd Solomon ( The HO molecule has a very small permanent dipole moment -28- (Savage and Mathis 1979, Whitcomb et aI. 1981) . Giant molecular clouds often have substantial far-infrared continuum optical depth, and this must be accounted for In the rnterpretatlon of HD rntensitles. Here, we will once again assume the validity of the escape probability formalism, and compute the HD J = 1 ~O line intensity. Consider a dense, quiescent cloud in which the gas and dust are in thermal eqUIlibrium, so that the source function S" IS equal to the same Planck function for the HD line and the dust continuum. The escape probability for continuum photons Is approximately Po = e -To, where '0 = -I/Cods is the continuum optical depth, and the escape probabillty for line photons can be written as fit {3o' where (h IS the probability for a photon to escape line absorption. Since the self-absorption of HD IS very small, we take
where 'L = -I/C, .. odS is the portion of the total optical depth due to the line. Then the excess of speCific Ime Intensity above the continuum can be written as (83) The present measurements would not spectrally resolve lines originating In quiescent clouds, so we compute the rntegrated line Intensity 1(1 ~O):
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